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Abstract: Transvaginal and transabdominal ultrasound evaluation of the uterine 
cervix were compared in a study of 186 pregnant women. An empty bladder made 
transabdominal ultrasound measurement of the cervix more difficult, while bladder 
filling resulted in significant lengthening of the transabdominal cervical measure- 
ment. In contrast, transvaginal ultrasound cervical measurement was possible in all 
but 1 patient. Normal transvaginal ultrasound cervical measurements were signifi- 
cantly shorter on average than transabdominal cervical measurements, but compared 
closely with prior transabdominal ultrasound studies in which bladder filling was 
carefully controlled. Significant cervical shortening was not noted in most patients 
with a clinical diagnosis of incompetent cervix. Indexing Words: Obstetric ultra- 
sound * Transvaginal ultrasound * Cervix uteri - Preterm birth - Uterine cervix 
length 
Cervical shortening or effacement has been asso- 
ciated with an increased risk of preterm 
Cervical shortening is usually determined by a 
manual vaginal examination and estimation of 
the length of the cervix, but manual examina- 
tion is subjective and total cervical length cannot 
be measured when the cervix is closed. Ultra- 
sound examination has the potential to provide 
objective estimates of cervical length. 
The appearance and length of the normal cer- 
vix by transabdominal ultrasonography has been 
evaluated by previous  investigator^.^-^ In most 
of these studies examination of the cervix was 
performed with a full bladder, which improves 
visualization of the cervix but also distorts the 
cervical length.417-9 This inherent disadvantage 
of transabdominal ultrasonography of the cervix 
may in part explain the differing results of vari- 
ous studies of cervical length. 
Transvaginal sonography can provide clear vi- 
sualization of the uterine cervix with an  empty 
bladder.'" Other investigators have noted that 
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transvaginal ultrasound measurements of the 
cervix vary with parity and menstrual age, but 
normal values for transvaginal cervical mea- 
surements have not been established." This 
study evaluates a sample of pregnant women 
presenting for routine ultrasound examination 
throughout gestation in order to examine the 
variability in normal cervical length, and to 
compare transabdominal ultrasound and trans- 
vaginal ultrasound evaluation of cervical length. 
METHODS 
Women presenting for routine obstetrical ultra- 
sound examination were recruited for study. 
Multiple gestations were excluded from the 
study. Some patients had more than one scan 
performed, but only the first scan with complete 
data for transabdominal and transvaginal ultra- 
sound cervical evaluation was used. 
Scans were performed using an  Aloka 650 ul- 
trasound unit. Transabdominal cervical mea- 
surement (ABDCX) was performed with a 3.5- 
MHz curvilnear probe. The cervix was visualized 
and distance from internal to external 0s was 
measured (Figure 1). Women were asked not to 
void for 1 hour to 2 hours prior to examination, 
but a full bladder was not required. Bladder di- 
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FIGURE 1. Transabdominal ultrasound of the uterine cervix. (Small arrow: internal cervical 0s .  Large arrow: 
external cervical 0s.) 
mensions (vertical and horizontal diameters) 
were measured, and a subjective estimate of 
bladder filling (empty, partial, full) was re- 
corded. After the patient emptied her bladder the 
transvaginal cervical measurement (VAGCX) 
was made with a 5-MHz vaginal probe attached 
to the Aloka 650 unit. The internal cervical 0s 
was seen in the sagittal plane and the probe then 
manipulated until the entire cervical canal could 
be visualized. Markers were placed at  the fur- 
thest points at which the cervical canal walls 
were juxtaposed and the cervical length was 
measured (Figures 2 and 3). In some cases the 
cervix was too long to be entirely visualized in 
one scan. In these instances, a suitable structure, 
such as a mucous cyst, was used as a reference 
point, and measurements were made from the in- 
ternal 0s and the external 0s to  the reference 
point and added. 
ABDCX and VAGCX measurements were at- 
tempted on each patient to allow paired compar- 
isons. Measurements were performed twice by 
each method and the mean of the two measure- 
ments was used for each method. The difference 
between the two measurements was also re- 
corded. All scans were performed by the same ex- 
aminer. 
Menstrual age was determined by the last 
/ 
FIGURE 2. Diagram of method to visualize uterine cervix with trans- 
vaginal ultrasound. The inset represents the ultrasound picture; the 
small arrow points to the internal cervical 0s and the large arrow 
points to the external cervical 0s. 
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FIGURE 3. Transvaginal ultrasonography of the uterine cervix. (Small arrow: internal cervical 0s. Large ar- 
row: external cervical 0s.) Cervical length is measured as the length of juxtaposed cervical canal walls. 
menstrual period (LMP), unless the LMP was ber of prior term deliveries, preterm deliveries, 
uncertain or the ultrasound estimate of men- abortions, and ectopic pregnancies) was rou- 
strual age differed by more than 2 weeks in the tinely recorded with the ultrasound report. Data 
first and second trimester or by more than 3 on cervical length were not reported back to the 
weeks in the third trimester, in which cases the patient's physician unless specifically requested. 
ultrasound determination of menstrual age was Informed consent was obtained for this study, 
used. The patient's obstetrical index (age, num- 
Menstruel  Age (weeks)  
0 Nullipara Multipara 
Menstrual Age (weeks) 
0 Nullipara 0 Multipara 
FIGURE 4. Scattergram of transabdominal ultrasound measurements 
of the cervix throughout gestation in 143 women. (Open circles: 
prirniparae. Solid circles: multiparae. Crosses: 8 patients with in- 
competent cervix.) tent cervix.) 
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FIGURE 5. Scattergram of transvaginal ultrasound measurements of 
the cervix throughout gestation in 185 women. (Open circles: primi- 
parae. Solid circles: multiparae. Crosses: 8 patients with incompe- 
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FIGURE 6 .  Example of  funneling of the internal cervical 0s (arrow), as visualized by transvaginal ultrasound 
at 27 weeks, menstrual age. The external cervical 0 s  is not seen in this scan. This patient delivered at term 
without complication 
which was approved by the institutional review 
board. 
Data was analyzed using a standard micro- 
computer statistical package.12 Statistical com- 
parisons were made using Student’s t test for 
nonpaired data, paired t test for paired compari- 
sons, and chi square analysis for categorical 
data. A p value 10.05 was used to reject the null 
hypothesis of no difference. 
RESULTS 
The number of patients examined was 186; 81 
patients were nulliparous and 105 had a prior 
birth, of which 27 included a prior preterm 
delivery. 67 patients had a prior abortion 
(spontaneous or induced). The age range of the 
patients was 16 to 39 years (mean age = 26 yr, 
one standard deviation = 5.0 yr). Eight pa- 
tients later had a cervical cerclage placed be- 
cause of a history suggestive of incompetent 
cervix or a clinical examination revealing pain- 
less cervical dilatation in the second trimester. 
These eight patients were excluded from the 
group used to determine normal cervical 
lengths. 
Visualization of the cervix by transabdominal 
ultrasonography was dependent on bladder fill- 
ing. With the bladder empty, an  ABDCX mea- 
surement could be obtained in only 46% (25155) 
of patients, with a partially full bladder ABDCX 
measurement was possible in 86% (65/76), and 
with a full bladder the cervix was visualized 96% 
(50/52) of the time ( p  < 0.01). VAGCX measure- 
ment was possible in all but 1 (99.5%) of the pa- 
tients; in this patient, the vaginal measurement 
was not possible because the patient had severe 
constipation and the transvaginal scan caused 
undue discomfort. 
Scattergrams of ABDCX and VAGCX mea- 
surements are presented in Figures 4 and 5. Spo- 
radic ABDCX measurements revealed a very 
long cervix and it was hypothesized that this 
might be due to bladder filling. Linear regression 
analysis showed a correlation between bladder 
filling and the ABDCX measurement. The stron- 
gest correlation was between the horizontal di- 
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TABLE 1 
Cervical Length Measurements by Trimester of Gestation" 
Trimester 
2: 14 wks to 27.9 wks, MA 1: 6 wks to 13.9 wks, MA 3: 28 wks to 40 wks, MA 
ABDCX 
N 32 67 36 
Mean (mm) 53.2 43.7 39.5 
SD (mm) 16.9 13.8 9.8 
Range 
Minimum length (mm) 29.0 21 .o 18.0 
Maximum length (mm) 92.0 84.0 63.0 
VAGCX 
N 38 77 62 
Mean (mm) 39.8 41.6 32.3 
SD (mm) 8.5 10.2 11.6 
Range 
Minimum length (mm) 23.0 27.0 12.0 
Maximum length (mm) 59.0 72.0 61 .O 
'Eight patients who had cervical cerclage placed were excluded. ABDCX: transabdominal cervical length measurements. VAGCX: 
Transvaginal ultrasound cervical length measurements. MA: menstrual age. Numbers of ABDCX and VAGCX measurements are not 
equal because of failure to visualize the cervix in some instances, 
ameter of the bladder and the ABDCX measure- 
ment (? = 0.17, p < 0.01). 
One finding noted was occasional funneling of 
the internal cervical 0s (Figure 6). This was seen 
on transvaginal sonography in 22 of the 178 pa- 
tients who did not require cervical cerclage and 
in 3 of the 8 patients who required cerclage. An 
additional 17 patients had a very slight degree of 
funneling noted on vaginal scanning. This find- 
ing was observed on transabdominal scanning in 
7 patients. 
Table 1 presents normative data for cervical 
length measured by both methods. On average 
ABDCX measurements were significantly longer 
than VAGCX measurements (mean difference = 
5.2 mm, one SD = 14.3, p < 0.001 by paired t 
test). 
Most of the cervical measurements were re- 
peated and the difference (range) between the 
two measurements was noted. Pairs of ABDCX 
measurements had an average difference of 3.5 
mm (one SD = 3.0) and VAGCX measurements 
had an average difference of 2.3 mm (one SD = 
2.0). The larger difference in repeat ABDCX 
measurements was statistically significant ( p  < 
0.01). 
Retrospective analysis of obstetrical historical 
information and cervical length are presented in 
Table 2. Mean cervical length was statistically 
significantly longer among multiparous women 
compared to primiparous women. Mean cervical 
length among the 8 patients who later had a cer- 
vical cerclage placed approached a statistically 
significant difference when compared to the pa- 
tients examined prior to  28 weeks, menstrual 
age, who did not require cerclage. In both com- 
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parisons the standard deviations are larger than 
the differences between the means, indicating a 
considerable overlap between the groups. 
DISCUSSION 
Ultrasound examination of the cervix may have 
potential use as a predictor of preterm delivery, 
a major cause of perinatal morbidity and mortal- 
ity. Efforts to predict patients at risk for preterm 
labor by various historical and current risk fac- 
tors have had only partial ~ u c c e s s . ~ ~ , ~ ~  Several 
authors have noted that cervical effacement or 
dilatation is associated with increased risk of 
preterm delivery, but others feel that cervical ef- 
facement is a normal occurrence as pregnancy 
progresses.''2 
Prior studies of ultrasonically measured cervi- 
cal dimensions have had differing results. Zem- 
lyn reported that the average cervical length 
was 37 mm in a study of 100  patient^.^ Bowie et 
al. found similar results, the mean cervical 
length = 32.5 mm (N = 30) with the bladder 
empty; with the bladder partially filled, the 
mean length was 46 mm.4 A third study of 30 
women reported a mean cervical length of ap- 
proximately 35 mm (one SD = 3.5 mm).5 Both 
Zemlyn and Varma et al. noted the effect of blad- 
der filling on cervical length. In contrast to  the 
previous findings, Podobnik et al. determined av- 
erage cervical length to be 48 mm (one SD devi- 
ation = 3.2 mm).7 Their measurements were 
made with a full bladder and they noted that 
emptying the bladder reduced the average cervi- 
cal length by approximately 5 mm. Ayers et al. 
reported that the average cervical length was 52 
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TABLE 2 
Restrospective Comparisons of Cervical Length 
Measurements by Parity (All Patients), and Between 
Patients Requiring Cervical Cerclage for Historical 
and Clinical Evidence of Incompetent Cervix and Patients 
Without Cerclage, Examined by 28 Weeks, 




















13.0 to 62.0 
78 
47.2 p = .03 
13.8 
25.0 to 84.0 
98 
39.6 p = .03 
12.1 
12.0 to 72.0 
No Cerclage (<28 


















21 .o to 44.0 
99 
46.8 p = .06 
15.4 
21 .O to 92.0 
115 
41 .O p = .07 
9.7 
23.0 to  72.0 
aFuture cerclage patients were evaluated before cerclage place- 
ment. 
mm in 142 patients; a cervical length of 40 mm 
was two SDs below the mean.6 All patients in 
that study had their bladder filled to a diameter 
of 45 mm t o  60 mm.6 As noted in this study and 
by earlier investigators, the degree of bladder 
filling has a significant effect on the measure- 
ment of cervical length by transabdominal ultra- 
~ o n o g r a p h y . ~ , ~ ? ~  Since it is difficult to standard- 
ize bladder volume, differences in bladder filling 
could explain the differences in mean cervical 
length among these studies. 
Transvaginal ultrasonography has several ad- 
vantages over transabdominal ultrasonography 
for evaluation of the cervix. The proximity and 
optimal focal length allow close identification of 
the cervix and inspection of the canal and inter- 
nal 0s. Scanning with an empty bladder removes 
this confounding variable in assessing cervical 
length, while visualization of the cervix is possi- 
ble in nearly all patients. The average VAGCX 
lengths determined in this study are similar to  
those found by Zemlyn, Varma, and Bowie. 
This study found a larger standard deviation 
among cervical length measurements than previ- 
ous investigators. Several of the earlier studies 
analyzed repeated measurements on individual 
 patient^.^-^ This may introduce bias and artifi- 
cially reduces variance in the results. Some also 
excluded patients who delivered preterm from 
their a n a l y ~ i s . ~ , ~  Since it is not possible to  pre- 
dict outcomes at the time of ultrasonography, 
normal values based on a selected group are 
more difficult to use. Our data describe a cross- 
section of pregnant women (one measurement 
per subject). It is noteworthy that there is a large 
degree of variation in cervical length among 
pregnant women at  all menstrual ages. Al- 
though a trend toward cervical shortening with 
increasing menstrual age beyond 28 weeks is 
suggested by visual inspection of Figures 4 and 
5, well-designed longitudinal studies, with serial 
measurements of cervical length, are needed to 
accurately define the significance of changes in 
cervical length during pregnancy. 
Several previous investigators have suggested 
that ultrasound findings may be used to identify 
patients with incompetent c e r v i ~ . ~ , ~ , ~ ~ - "  Dilata- 
tion of the endocervical canal with prolapse of 
amniotic membranes is an obvious, but uncom- 
mon, indication of impending preterm delivery. 
Some authors suggest that dilatation of the cer- 
vical canal or internal cervical 0s indicates in- 
competence. As noted in Figure 3, the normal 
cervical canal appears to  be collapsed in a nar- 
row line. The occasional finding of a difference in 
the texture of the cervix immediately surround- 
ing the cervical canal (perhaps due to endocervi- 
cal glands) could explain the appearance of a 
normally dilated cervical canal in studies with 
transabdominal ultrasound. Retrospective com- 
parison of the 8 cerclage patients in this study 
with those without incompetent cervix failed to  
demonstrate a statistically significant difference 
because of the small number of patients. Also, a 
considerable overlap between the two groups 
(Table 2) was seen. Suggestions that cervical 
length <34 mm,7 or <40 mm,6 indicate cervical 
incompetence, and require cerclage seem some- 
what extreme in light of these findings. 
Despite the statistical difference in mean cer- 
vical length between nulliparous and multipa- 
rous women, there is considerable overlap be- 
tween the groups. In particular, transvaginal ul- 
trasonography showed only a 4 mm (10%) differ- 
ence in the mean cervical length between the 
two groups; therefore, it does not seem justified 
to  establish separate normal values for primipa- 
rous and multiparous patients at present. 
This study demonstrates that transvaginal ul- 
trasonography can provide accurate estimates of 
cervical length, without the confounding influ- 
ence of bladder filling. These data provide nor- 
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ma1 values for cervical length measured by 
transvaginal ultrasonography in patients with 
singleton gestations. The predictive value of cer- 
vical length for pregnancy outcome was not de- 
termined by this study. Further study is clearly 
necessary to determine the value of serial cervi- 
cal length measurements and the implications of 
change in cervical length during gestation. 
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